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Endovenous Laser Treatment of Saphenous 
Vein Reflux: Long-Term Results 

Robert J. Min r MD, NeO Khilnani, MD, and Steven E. Zimmet, MD 



PURPOSE: To report long-term follow-up results of endovenous laser treatment for great saphenous vein (GSV) reflux 
caused by saphenofemoral junction (SFJ) incompetence. 

MATERIALS AND METHODS: Four hundred ninety-nine GSVs in 423 subjects with varicose veins were treated over 
a 3-year period with 810-nm diode laser energy delivered percutaneously into the GSV via a 600-fim fiber. Tumescent 
anesthesia (100-200 mL of 0.2% lidocaine) was delivered perivenously under ultrasound (US) guidance. Patients were 
evaluated clinically and with duplex US at 1 week, 1 month, 3 months, 6 months, 1 year, and yearly thereafter to assess 
treatment efficacy and adverse reactions. Compression sclerotherapy was performed in nearly all patients at follow-up 
for treatment of associated tributary varicose veins and secondary telangiectasia. 

RESULTS: Successful occlusion of the GSV, defined as absence of flow on color Doppler imaging, was noted in 490 
of 499 GSVs (98.2%) after initial treatment One hundred thirteen of 121 limbs (93.4%) followed for 2 years have 
remained closed, with the treated portions of the GSVs not visible on duplex imaging. Of note, all recurrences have 
occurred before 9 months, with the majority noted before 3 months. Bruising was noted in 24% of patients and 
tightness along the course of the treated vein was present in 90% of limbs. There have been no skin burns, 
paresthesias, or cases of deep vein thrombosis. 

CONCLUSIONS: Long-term results available in 499 limbs treated with endovenous laser demonstrate a recurrence 
rate of less than 7% at 2-year follow-up. These results are comparable or superior to those reported for the other 
options available for treatment of GSV reflux, including surgery, US-guided sclerotherapy, and radiofrequency 
ablation. Endovenous laser appears to offer these benefits with lower rates of complication and avoidance of general 
anesthesia. 



J Vase Interv Radiol 2003; 14:991-996 
Abbreviations: GSV = great saphenous vein, RF «= 



LOWER-extremity venous insuffi- 
ciency is a common medical condition 
afflicting 25% of women and 15% of 
men in the United States (1). Gender, 
pregnancy, hormones, aging, and 
gravitational forces from prolonged 
standing or sitting are the most com- 
mon factors that influence the appear- 
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ance or worsening of primary varicose 
veins (2,3). Although many people 
seek medical treatment for varicose 
veins because they find them un- 
sightly, most people with varicose 
veins do experience symptoms (43). 
Unfortunately, symptoms of primary 
venous insufficiency are often not rec- 



veins, for which he receives royalties. R.J.M. and 
Cornell Vascular have paid for all medical equip- 
ment used in procedures relating to this study. 
S-E-Z. is a paid consultant to Diomed, Inc. (Andover, 
MA), assisting in development of medical treat- 
ments. S.E.Z. is also paid to assist in physican train- 
ing. S.E.Z. purchased all medical equipment he used 
in connection with this study. The other author has 
not identified a potential conflict of interest. 

©SIR, 2003 

DOI: 10J097/01.RVL0000082864.05622.E4 



ognized by patients or their physi- 
cians. Characteristic leg complaints as- 
sociated with varicose veins include 
aching pain, night cramps, fatigue, 
heaviness, or restlessness. Symptoms 
arise from pressure on somatic nerves 
by dilated veins and are typically 
worsened with prolonged standing, 
during the premenstrual period, or in 
warm weather (6). Left untreated, 
nearly 50% of patients with significant 
superficial venous insufficiency will 
eventually experience chronic venous 
insufficiency characterized by lower- 
extremity swelling, eczema, pigmenta- 
tion, hemorrhage, and ulceration (7). 

Great s aphenous vein (GSV) reflux 
is the most common underlying cause 
of significant varicose veins. Tradi- 
tional treatment of GSV reflux has 
been surgical removal of the GSV. Al- 
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though surgical ligation and stripping 
of the GSV has been the most durable 
treatment, it is associated with signif- 
icant perioperative morbidity. Less-in- 
vasive surgical treatments including 
high ligation of the GSV at the saphe- 
nofemoral junction (SFJ) have been at- 
tempted with the hope that gravita- 
tional reflux would be controlled 
while the vein is preserved for possi- 
ble use as a bypass graft. Unfortu- 
nately, ligation of the GSV alone usu- 
ally results in recurrent varicose veins 
(8). Even when high ligation has been 
combined with phlebectomy of vari- 
cose tributaries or retrograde sclero- 
therapy, recurrence has been the rule 
(9,10). Therefore, when it is deter- 
mined that GSV reflux is the principal 
underlying problem, treatment should 
involve eHminating this source of re- 
flux with ablation of any associated 
incompetent venous segments. 

In 1999, Bone (11) first reported on 
delivery of endoluminal laser energy. 
Since then,- a method for treating the 
entire incompetent GSV segment has 
been described (12,13). Endovenous 
laser treatment, which received ap- 
proval from the US Food and Drug 
Adniinistration in January 2002, al- 
lows delivery of laser energy directly 
into the blood vessel lumen. Non- 
thrombotic vein occlusion is accom- 
plished by heating the vein wall with 
810-nm-wavelength laser energy de- 
livered via a 600- ^im laser fiber 
(Diomed, Andover, MA). Sufficient 
heating of the vein wall is necessary to 
cause collagen contraction and denu- 
dation of endothelium. This stimulates 
vein wall thickening, eventual luminal 
contraction, and fibrosis of the vein. 
The purpose of this study is to report 
on the long-term follow-up results of 
endovenous laser treatment for GSV 
reflux. 

MATERIALS AND METHODS 

This prospective, nonrandomized, 
consecutive-enrollment study in- 
cluded 423 patients who underwent 
endovenous laser treatment of incom- 
petent GSV segments with 810-nm di- 
ode laser energy delivered intralumi- 
nally for treatment of primary varicose 
veins. The study protocol was ap- 
proved by the Weill Medical College 
of Cornell University Institutional Re- 
view Board. All patients gave written 
informed consent before treatment. 



Patient Selection 

Directed history and physical ex- 
amination, including duplex ultra- 
sound (US) evaluation of the superfi- 
cial venous system, was performed on 
limbs of subjects with varicose veins. 
Study inclusion criteria included vari- 
cose veins caused by SFJ incompetence 
with GSV reflux as demonstrated by 
duplex US imaging, age of at least 18 
years, and ability to return for sched- 
uled follow-up examinations for 12 
months after endovenous laser treat- 
ment. Exclusion criteria included non - 
galpable pedal pulses; inability tcuam- 
bulateTdeep vein thr ombosis; general 
poor n ealtn; pregnancy / nursing, o r 
plafiSTfo become pregnan t during the 
cDufse^fparuapation in the mvesti- 
garlon T^jTcrextrem ely ^ GSV s 
that would not a llow end ovenou s 
c atheteriz ati on and passage of the l a- 
ser fiber as i denti fied on pretreatme nt 
venou^jiurj ex US mappin g. After ini- 
tial consultation and evaluation, sub- 
jects meeting the appropriate criteria 
were offered surgery versus en- 
dovenous laser treatment Nearly all 
subjects chose endovenous laser over 
surgical ligation and stripping. 

Five hundred four incompetent 
GSVs were treated with endovenous 
laser over a 39-month period. Five 
limbs were lost to foUow-up. The re- 
maining 499 limbs in 423 patients com- 
prise the study population. This group 
consists of 352 women (83%) and 71 
men (17%) ranging in age from 23 to 
72 years, with a mean age of 42 years. 

Follow-up ranged from 1 month to 
39 months with a mean follow-up pe- 
riod of 17 months and an SD of 11 
months. Aching leg pain was the most 
common presenting symptom, found 
in 87% of limbs. Overall, slightly more 
left legs (n = 263, 53%) were treated, 
and 76 patients (18%) were treated for 
bilateral GSV reflux. Pretreatment 
GSV diameter, measured in the up- 
right position approximately 2 cm be- 
low the SFJ/ ranged from 4.4 mm to 29 
mm (mean, 11 mm; SD, 4.2 mm). 

None of the patients in this series 
underwent concomitant ambulatory 
phlebectomy. All but seven patients 
underwent compression sclerotherapy 
treatment of distal varicose tributaries 
or associated telangiectasias at fol- 
low-up visits. 



Description of Technique 

Duplex US was performed in the 
upright position to map incompetent 
sources of venous reflux and then to 
mark the skin overlying the incompe- 
tent portion of the GSV starting at the 
SFJ. After venous duplex mapping, a 
percutaneous entry point was chosen. 
This point may be where jreflux is no 
lo nger seen or where the GSV becomes 
t oo srmdTto access (usually just abov e 
or below knee level). W ith use of loc al 
anesthesia and sonographic guidance, 
the GSV was punctured. A 5-F intro- 
ducer sheath was placed into the GSV 
over a guide wire and advanced past 
the SFJ into the femoral vein. Intralu- 
minal position within the GSV was 
confirmed by aspiration of nonpulsa- 
tile venous blood and visualization 
with US. 

The sheath was flushed and a 
600-pjm laser fiber (Diomed) was in- 
serted in the sheath and advanced up 
to the first site mark, indicating that 
the distal tip of the laser fiber was 
flush with the end of the sheath. The 
sheath was then withdrawn to the sec- 
ond site mark, exposing the distal 3 cm 
of the bare-tipped laser fiber. The 
sheath and fiber were pulled back to- 
gether and positioned at the SFJ under 
US guidance. Position was confirmed 
by direct visualization of the red aim- 
ing beam of the laser fiber through the 
skin. 

Tumescent local anesthesia consist- 
ing of 100-200 mL of 0.2% lidocaine 
neutralized with sodium bicarbonate, 
was administered along the perive- 
nous space with use of US guidance. 
In addition to the anesthetic effects, 
properly delivered, this fluid serves 
two important functions: (1) it com- 
presses and ^ r educes the diameter- of 
e ven the largest veins to gm vide vein 
wall apposition around the fiber tip 
with subsequent circumferential heat- 
ing of the vein wall and (2) it provides 
a "heat sink" to minimize me^r jossibil- 
it y of Kea t-felalej^damage to jdjacent 
tissues. Figure la demonstrates the 
typical transverse sonographic ap- 
pearance of the laser fiber and catheter 
seen centrally within an enlarged GSV 
located in the saphenous space. Proper 
and adequate delivery of tumescent 
anesthesia should result in fluid sur- 
rounding a compressed GSV as shown 
in Figure lb. 

The tip of the laser fiber was repo- 
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Figure 1. Duplex US (transverse view) demonstrating appearance of the GSV before and 
after proper delivery of tumescent anesthesia, (a) mtraluminal position of laser fiber and 
catheter within an enlarged GSV; (b) tumescent anesthesia delivered by echogenic needle 
tip adjacent to laser fiber and catheter with fluid surrounding the compressed GSV. 



sitioned within the GSV 5-10 mm dis- 
tal to the SFJ. Tip position was checked 
by US and direct visualization of the 
red aiming beam through the skin. La- 
ser energy (810-nm diode laser; 
Diomed) was delivere d at 14 W in con- 
jjnuous mode. T he vein was treated 
from 5-10 mm below the SFJ to ap- 
proximately 1 cm above the skin entry 
site. Length of GSV treated with en- 
dovenous laser ranged from 10 cm to 
55 cm (mean, 35 cm; SD, 10 cm). The 
laser fiber was withdrawn at an aver- 
age rate of j3mm per second (18 cm p er 
minute). Of patients treated with l4-W 
continuous mode (n ~ 276, or 55% of 
limbs), delivery of laser energy ranged 
from 25 seconds (at 358 J) to 187 sec- 
onds (at 2,615 J), with a mean of 123 
seconds (SD, 47 sec) or 1,727 J (SD, 650 
J). 

A class II (30-40 mm Hg) full-thigh 
graduated support stocking or panty- 
hose was worn for at least 1 week at all 
times except to sleep or to shower. 
Patients were instructed to ambulate 
and resume their normal daily activi- 
ties immediately. Clinical and duplex 
US follow-up was obtained at 1 week, 
1, 3, 6, 9, and 12 months, and then 
yearly. 

Compression sclerotherapy treat- 



ment of distal varicose tributaries was 
performed with use of sodium terra- 
decyl sulfate (0.3%-l% concentration). 
A detailed description of sclerother- 
apy technique is beyond the scope of 
this article but the approach used was 
the 'Trench school" originally advo- 
cated by Tourhay and" more recently 
popularized in the United States by 
Goldman and other phlebologists (14). 
This technique relies on starting from 
the highest points of reflux and pro- 
ceeding downward, and treating veins 
from the largest to the smallest. Com- 
pression stockings or panty hose were 
worn for at least 1 week after sclero- 
therapy treatments except to sleep or 
shower. Sclerotherapy treatments 
were performed at 4-week intervals, 
starring 1 month after endovenous la- 
ser ablation of the GSV. 

Study Endpoints and Definitions 

Duplex US criteria for successful 
treatment were the following: at 
1-week follow-up, an enlarged non- 
compressible GSV, minimally de- 
creased in diameter, with echogenic, 
thickened vein walls, and no flow seen 
within the occluded vein lumen on 
color Doppler interrogation; at 3- and 



6-month follow-up, an occluded GSV 
with substantial (>50%) reduction in 
diameter; and at 1 year and bevond, 
complete disappearance of the GSV or 
minimal residual fibrous cord with no 
flow detectable. It is important to note 
that the expected appearance 1-2 
weeks after endovenous laser is a 
slightly smaller GSV demonstrating 
wall thickening with absence of flow 
within the treated vein segment. The 
vein lumen is usually obliterated by 
the thickened wall, which has low- 
level echoes and is incompressible. 
This wall thickening should be differ- 
entiated from acute GSV thrombosis 
wherein the vein is also incompress- 
ible but the lumen is filled with ane- 
choic acute thrombus. Several weeks 
after successful endovenous laser 
treatment, resolution of the acute in- 
flammation in the vein wall should 
result in reduction in vein diameter. 
After several months, most of the 
treated vein segments will fibrose and 
be difficult to identify. Alternatively, 
superficial thrombophlebitis with GSV 
thrombus would result in recanaliza- 
tion of the vein. A longitudinal view of 
an enlarged, incompetent GSV is seen 
in Figure 2a. Figure 2b demonstrates 
the typical color Doppler appearance 
of a successfully treated GSV 1 year 
after endovenous laser treatment. 

Clinical evaluation was performed 
on all subjects at 1 week, 1, 3, 6, 9, and 
12 months, and yearly thereafter by 
the same physician (R.M.) who per- 
formed all the endovenous laser pro- 
cedures. Patients were queried about 
symptomatic relief at follow-up visits, 
particularly improvement or resolu- 
tion of lower-extremity pain believed 
to be associated with venous insuffi- 
ciency. Improvement in the appear- 
ance of the leg, including reduction in 
visible varicosities, swelling, pigmen- 
tation, or other skin changes second- 
ary to chronic venous insufficiency, 
were assessed by the patient and with 
direct comparison with pretreatment 
photographs obtained from all sub- 
jects undergoing treatment Patients 
were evaluated for possible adverse 
reactions caused by endovenous laser 
treatment at each follow-up visit. Mi- 
nor complications were defined as 
those that had no significant clinical 
sequelae, such a s bruising . Major com- 
plications were defined as those neces- 
sitating an increased level of care, sur- 
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Figure 2. Color Doppler examinations Oongitudinal views) of the GSV at the SFJ 
demonstrating successful occlusion after endovenous laser treatment (a) Pretreatment 
evaluation demonstrates an enlarged GSV with reflux after distal calf compression; Cb) 
1-year follow-up examination shows typical "cul-de-sac" appearance of the proximal GSV 
with occlusion of the treated segment. 



gery, hospitalization, or permanent 
adverse sequelae. 

RESULTS 

Follow-up results ranging from 1 
month to 39 months (mean, 17 
months; SD, 11 months) were obtained 
in 499 of the 504 limbs treated with 
endovenous laser during the study pe- 
riod. Successful' endovenous laser 
treatment, as defined earlier, was seen 
in 490 of 499 limbs (98%) at 1-month 
follow-up. Eight of nine GSVs requir- 
ing repeat endovenous laser were suc- 
cessfully closed with a second en- 
dovenous laser treatment. Continued 
closure of the treated GSV segments 
was noted at longitudinal follow-up at 
the following rates: 444 of 447 (99.3%) 
at 3 months, 390 of 396 (98.5%) at 6 
months, 351 of 359 (97.8%) at 9 
months, 310 of 318 (97.5%) at 1 year, 
and 113 of 121 (93.4%) at 2 years. Forty 
subjects have been followed for 3 
years and no new recurrences were 
seen at 2 or 3 years that were not 
present at 1-year follow-up. In fact, all 
recurrences were noted before 9 
months, with the majority seen by 3 
months. This may indicate that these 
were not true recurrences but rather 
inadequate initial treatments. 

Clinical examination correlated 
well with duplex US findings. All pa- 
tients showed improvement in the ap- 
pearance of the limb with disappear- 
ance or reduction in the size and 
number of visible varicosities. The 
typical appearance of varicose veins 
caused by incompetence of the SFJ 
with GSV reflux is shown in Figure 3a. 



One month after . endovenous laser 
treatment, relief of symptoms and sig- 
nificant improvement in the appear- 
ance of the varicose veins was noted 
(Fig 3b). By 6 months after initial 
treatment, pain was greatly* im- 
proved or resolved in all treated 
limbs. Although symptomatic reso- 
lution and significant improvement 
in the appearance of the leg is usu- 
ally noted after endovenous laser 
treatment alone, most patients will 
need additional- complementary pro- 
cedures (ie, sclerotherapy or phle- 
bectomy) to fully realize the restor- 
ative benefits of treatment. 

Bruising outside the puncture site 
was noted in 24% of lim bs at 1-week 
follow-up . "Bruising resolved in au 
subjects before 1-month follow-up. 
Ninety percent of subjects felt a de- 
layed tightness peaking 4-7 days after 
laser treatment and lasting 3-10 days. 
This sensation, described as "pulling" 
along the course of the treated GSV, 
was not felt in the nine patients in 
whom initial treatment failed. Five 
percent of patients developed superf i- 
cial phlebitis of varicose tributa ries af- 
ter endovenous laser occlusion ot the_ 
GSV. Most cases required no treat- 
ment Symptomatic patients were 
treated with graduated compression 
stockings and over-the-counter antiin- 
flammatory agents. AD minor compli- 
cations listed earlier resolved without 
sequelae. There have been no skin 
burns, paresthesias, cases of deep vein 
thrombosis, or other minor or major 
complications. The procedure was 



well-tolerated by all subjects with 
strictly local anesthesia. 

Overall treatment satisfaction was 
determined by asking subjects if they 
would recommend the procedure to a 
friend with similar leg vein problems, 
and 422 of 423 subjects (99.8%) indi- 
cated they would recommend the 
procedure. 

DISCUSSION 

Percutaneous methods for treating 
incompetent GSVs are not new. Du- 
plex-guided sclerotherapy for treat- 
ment of GSV reflux has been at- 
tempted, but long-term studies have 
failed to prove durability comparable 
to surgery (15-19). Initial attempts at 
damaging vein walls by electrocoagu- 
lation involved creation of a thrombus 
within the vessel lumen, ultimately re- 
sulting in recanalization (20-22). Early 
methods of mtraluminal delivery of 
high-frequency alternating-current ra- 
diofrequency (RF) energy to treat GSV 
reflux were complicated by skin 
burns, saphenous nerve and peroneal 
nerve injury, phlebitis, and wound in- 
fection (23). 

A more modern technique of the 
use of RF energy to eliminate saphe- 
nous vein reflux has been developed 
by VNUS Medical Technologies 
(Sunnyvale, CA). Early results re- 
ported from a multicenter trial dem- 
onstrated a reasonable degree of suc- 
cess with an overall failure rate of 10% 
at a mean follow-up of 4.7 months 
(13% in patients treated with RF alone 
and 5% in patients treated with RF 
plus high ligation of the GSV). Com- 
plications included transient paresthe- 
sias (thigh, 9%; leg, 51%), skin burns 
(3%), deep venous thrombosis (3%), 
and one pulmonary embolus (24). 
More recent studies have demon- 
strated success rates of 73%-90% with 
follow-up to 24 months in 21 limbs 
(25-27). 

One of the limitations of our study 
is that it does not provide a blinded, 
randomized comparison of the vari- 
ous modern percutaneous methods 
available for treatment of GSV reflux, 
including RF and wavelengths of laser 
energy other than 810 nm. However, 
review of the literature allows some 
comparisons and raises some interest- 
ing areas for future study. 

RF current damages tissue by resis- 
tive heating of structures in direct con- 
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Figure 3. Significant improvement in appearance of varicose tributaries after en- 
dovenous laser treatment of an incompetent left GSV. (a) Typical appearance of varicose 
veins caused by GSV reflux; (b) the same leg 1 month after endovenous laser treatment. 



tact with the electrodes. Deeper tissue 
planes are heated by conduction into 
normo thermic tissue. Because the po- 
tential for heating of adjacent perive- 
nous tissue is high, safe treatment 
with RF depends on proper delivery of 
adequate tumescent anesthesia. Effec- 
tive use of tumescent anesthesia ap- 
pears to have reduced the incidence of 
heat-related complications. In expert 
hands, the incidence of paresthesias 
after RF has occurred in as few as 8.5% 
of limbs within 1 week of treatment 
and decreased to 0.7% at 6 months 
(27). However, with less-experienced 
physicians, RF still has been compli- 
cated with heat-related adverse effects 
such as paresthesias (10% at 6 months) 
and skin burns (3.3%) (25). 

Published experience with en- 
dovenous laser with use of wave- 
lengths other than 810 nm is limited. A 
recent study by Chang and Chua (28) 
reported the use of 1,064-nm laser en- 
ergy delivered endovenously for treat- 
ment of GSV reflux. Although this 
study reported a success rate of 96.8% 



in 244 legs followed up to 28 months, 
significant complications were noted, 
including paresthesias (36.5%) and 
skin burns (4.8%). In addition to en- 
dovenous laser ablation, all patients in 
their study underwent surgical liga- 
tion and division of the proximal and 
distal ends of the treated GSV. In ad- 
dition, patients treated with the 
1,064-nm wavelength underwent spi- 
nal or general anesthesia rather than 
strictly local tumescent anesthesia (28). 

In comparison, in our series of more' 
than 500 limbs treated with 810-nm 
diode laser energy delivered en- 
dovenously, there have been no heat- 
related complications despite the high 
temperatures attained at the laser fiber 
tip. This may be explained by the fol- 
lowing: (1) improved delivery and use 
of sufficient amounts of tumescent 
fluid in the proper tissue plane pro- 
viding a protective thermal "sink;" (2) 
selective, homogeneous, and circum- 
ferential heating of the inner vein wall 
by absorption of 810-nm laser energy 
by blood lining the vein wall, as noted 



in a recent study by Proebstle et al 
(29), rather than deeper penetration of 
laser energy and less-homogeneous 
heating from endovenous laser per- 
formed with wavelengths such as 
1,064 nm, which are absorbed less by 
blood and more by water; and (3) 
faster rates of withdrawal and shal- 
lower depth of penetration of 810-nm 
laser energy, resulting in less damage 
to surrounding nontarget tissue com- 
pared with methods that use RF. ^ 

It has been suggested that a ran- 
domized controlled trial comparing 
outcomes of endovenous laser abla- 
tion of the saphenous vein to surgical 
ligation and stripping should be per- 
formed; however, such a study would 
be difficult given patients 7 over- 
whelming desire for rninimally inva- 
sive treatments rather than surgery. 
Review of the existing surgical litera- 
ture does provide some insight in as- 
sessing treatment durability. Multiple 
studies have shown that recurrence of 
varicose veins after GSV stripping oc- 
curs early (30), with 73% of limbs des- 
tined for recurrent varicosities at 5 
years already having them at 1 year 
(31,32). Our results with endovenous 
laser have supported this, demonstrat- 
ing that what is found on duplex im- 
aging early is predictive of what will 
be seen later, with none of the treated 
patients developing recanalization of 
successfully occluded GSVs at 2 or 3 
years that was not seen before 9 
months. 

Performing endovenous ablation of 
the GSV without dissection of the SFJ 
violates a cardinal rule in saphenous 
vein surgery that each of the tributar- 
ies must be individually divided. Sur- 
prisingly, the combined experiences 
with transcatheter endovenous abla- 
tion procedures have shown lower re- 
currence rates than with surgical liga- 
tion and stripping. Perhaps rninimizing 
dissection in the groin and preserving 
venous drainage in normal, competent 
tributaries while removing only the 
abnormal refluxing segments does not 
incite neovascularization 

The understanding of venous disor- 
ders continues to improve with tre- 
mendous strides being made over the 
past decade. Readily available nonin- 
vasive diagnostic tests allow physi- 
cians to precisely map out abnormal 
venous pathways and identify sources 
of incompetence. Modern percutaneous 
methods of sealing incompetent veins 
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provide patients with alternatives to li- 
gation and stripping for treatment of 
GSV reflux without the familiar morbid- 
ities associated with surgery (33,34). 
Given these recent advances, many phy- 
sicians, when properly trained, will now 
be able to successfully diagnose and 
treat the whole spectrum of superficial 
venous insufficiency, offering accept- 
able options to the millions of people in 
the United States alone who have vari- 
cose veins but are unwilling or unable to 
undergo surgery. 
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Thermal Damage of the Inner Vein Wall During 
Endovenous Laser Treatment: Key Role of Energy 
Absorption by Intravascular Blood 
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background. Despite the clinical efficacy of endovenous laser 
treatment (EVLT), its mode of action is incompletely under- 
stood. 

objective. To evaluate the role of intravascular blood for the 
effective transfer of thermal damage to the vein wall through 
absorption of laser energy. 

methods. Laser energy (15 J/pulse, 940 run) was endovenously 
administered to explanted greater saphenous vein (GSV) seg- 
ments filled with blood (n = 5) or normal saline (n = 5) in addi- 
tion to GSVs under in vivo conditions immediately prior to 
stripping. Histopathology was performed on serial sections to 
examine specific patterns of damage. Furthermore, in vitro gen- 



eration of _steam bubbles by different diode lasers (810, 946, 
and 980 nm) was examined in saline, plasma, and hemolytic 
blood. 

results. In saBhe-filled veins, EVLT-induced vessel wall injury 
was confined to the site of direct laser impact. In contrast, blood- 
filled veins exhibited thermal damage in more remote areas in- 
cluding the vein wall opposite to the laser impact. Steam bubbles 
were generated in hemolytic blood by all three lasers, while no 
bubbles could be produced in normal saline or plasma.. 

[conclusion. Intravascular blood plays a key role for homogeH 
neousiy distributed thermal damage of the inner vein wall dur- 1 
ingEVLT. J 
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RECENTLY, MINIMALLY invasive techniques have 
been clinically introduced for the effective treatment 
of varicose veins. In particular, VNUS closure 1 * 2 and en- 
dovenous laser treatment (EVLT) 3-5 have been shown 
to abolish reflux in the incompetent greater saphenous 
vein (GSV). Short-term efficacy has been reported as 
greater than 90% 1 » 2 and 95%, 3 ~ 5 respectively, compar- 
ing well with the results of classic surgery including 
high ligation and stripping of the GSV. 2 However, 
while the mode of action of VNUS closure has been 
studied in detail, the mechanisms of EVLT action are 
still not completely understood. It has been shown 
that EVLT, unlike VNUS, does not lead to occlusion 
of the vein by significant shrinkage of the vessel wall, 6 
but instead causes a thrombotic occlusion of the laser- 
treated vein. 5 
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Histopathologic examination of laser-treated veins 
revealed perforation of the vein wall at the site of di- 
rect laser- impact and thermal damage of adjacent vein 
wall areas. 5,6 For the latter effect, laser-induced steam 
bubble formation has been postulated as the responsi- 
ble mechanism, 5 implicating a putative role for intra- 
vascular blood serving as a chromophore absorbing 
the laser energy. In order, to further clarify the role of 
intravascular blood during EVLT, we performed com- 
parative in vitro and in vivo experiments in the pres- 
ence or absence of intravascular blood. 



Patients and Methods 

Administration of Laser Energy to GSV Samples 

EVLT was applied as previously described in detail. 5 In 
brief, a 600 u,m bare fiber with an outer diameter of 1.00 
mm was connected to a 940 nm diode laser. Under in vivo 
conditions (see Patients), the fiber was inserted below the 
knee into the surgically exposed GSV. The fiber was ad- 
vanced proximally to the point of high ligation of the GSV 
and subsequently withdrawn in steps of about 3-5 mm while 
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laser energy was applied. 5 Identical laser parameters were 
chosen for the in vitro experiments with GSVs (see below). 

In Vitro Experiments With GSVs 

After classic varicose vein surgery of the GSV under tumes- 
cent local anesthesia, 7 ' 8 the stripped vein segment was trans- 
ferred to a saline bath at room temperature. The veins were 
cut into pieces 10 cm in length, and each piece was ligated at 
the proximal end before the laser fiber was inserted from the 
distal end. The vein was then filled either with heparinized - 
blood (500 IU heparin/20 ml of blood) or with normal sa- 
line. After the distal end was ligated tightly around the laser 
fiber, single laser pulses of 15 J (15 W, 1 second) were deliv- 
ered every 3-5 mm during stepwise withdrawal of. the fiber, 
tip. During the entire procedure the vein was bathed .com- 
pletely in normal saline solution. A total of 10 specimens, 5 
filled with blood and 5 filled with normal saline during 
treatment, were subsequently fixed in formaldehyde, em- 
bedded in 1 mm rings in paraffin blocks, and studied histo- 
logically in routine hematoxylin and eosin stains on serial 5 
ixm sections. Each section was evaluated with respect to. 
signs of thermal damage at the site of direct laser impact, at 
the adjacent area, and at more distant sites. Particular atten- 
tion was given to the vein wall opposing the site of direct la : 
ser impact. 

Patients 

Two patients scheduled for classic varicose vein surgery un- 
der tumescent local anesthesia 7 consented to undergo exper- 
imental EVLT in the interval between high ligation and 
stripping of the GSV. One patient received EVLT with a 
blood-filled GSV. In the second patient, conditions were 
identical, apart from the fact that blood was washed out of 
the GSV and replaced by normal saline prior to EVLT. 
Complete replacement of blood by saline solution was con- 
firmed visually by a flexible vascular fiberscope. The time 
interval between EVLT and invaginated stripping was 15 
minutes. The vein was then cut into 2 cm sections, fixed in 
formaldehyde, and embedded in paraffin blocks for later 
histologic examination. 

Laser-Generated Steam Bubbles in Normal Saline, 
Plasma, or Hemolytic Blood 

An in vitro setup to measure laser-generated steam bubble 
sizes was used as previously described. 5 Diode lasers with 
810 nm, 940 nm, and 980 nm were used with appropriate 
600 u.m fibers as provided by the manufacturers. Before 
starting the comparative experiments, the energy output of 
each device was calibrated at the fiber tip with a power 
meter. Before each experiment, the fiber tips were freshly 
cut to avoid secondary carbonization effects. Each laser 
wavelength was tested in tubes filled with normal saline, hu- 
man plasma, and hemolytic blood by administration of 
pulses between 3 and 16 J. Plasma was obtained by centrifu- 



gation of heparinized blood for 20 minutes at 2000 g. 
Hemolytic blood was produced by replacing the removed 
plasma with equal volumes of distilled water. 



Results 

EVLT was performed under in vitro conditions on 
GSV segments either filled with blood (n - 5) or filled 
with, normal saline (n = 5). In addition, EVLT was 
performed in vivo after high ligation but before strip- 
ping of the GSV, in a vessel filled with either blood or 
normal saline. The generation of steam bubbles in 
normal saline, plasma, -and hemolytic blood was ex- 
amined for laser wavelengths of 810, 940, and 980 
nm under in vitro conditions. 

Pathologic Examination of GSV Segments Receiving In 
Vitro EVLT 

A minimum of 20 hematoxylin and eosin-stained se- 
rial sections-of each vein segment were examined mi- 
croscopically. Detectable changes of the vein wall, at- 
tributable to endovenous laser action, were highly 
reproducible. Figure 1 displays representative cross 
sections of laser-treated GSV segments. In saline-filled 
veins, vein wall damage was exclusively confined to 
the site of direct laser impact (Figure IB), while adja- 
cent regions (Figure 1A) and, in particular, the oppo- 
site side of the vein wall (Figure 1C) show virtually no 
signs of tissue damage. In contrast, pronounced ther- 
mal damage was detectable along the entire vein wall 
in blood-filled veins (Figure 1D,E), even at the vein 
wall opposite the laser impact (Figure IF). 

Pathologic Examination of EVLT Effects on Surgically 
Removed Veins 

The histopathologic examination of veins stripped af- 
ter EVLT under in vivo conditions showed a similar 
pattern of thermal damage as the veins treated under 
in vitro conditions described above. Figure 2 displays 
representative sections of laser-generated complete 
perforations of the vein wall produced from the saline- 
filled (Figure 2A,B) or blood-filled (Figure 2D,E) vein. 
Again, the immediate site of laser impact exhibited a 
comparable extent of coagulative necrosis, regardless 
of whether the vein contained saline (Figure 2A) or 
blood (Figure 2D). However, even the immediately 
adjacent inner vein wall showed distinct differences in 
the extent of thermal damage (Figure 2A,B,D,E), with 
severe injury in the blood-filled vein and a virtually 
normal situation in the saline-filled vein. Also, the vein 
wall located at the opposite site of the laser impact 
showed heat damage in the blood-filled vein (Figure 
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Figure 1. Representative hematoxylin and eosin sections of GSV 
segments after in vitro EVLT of A-C) saline filled veins or D-F) 
veins filled with heparinized blood. Under both conditions, direct 
laser impact causes perforation (A,B) or pronounced tissue abla- 
tion with focal coagulation necrosis at the immediate site of im- 
pact (D,E). In contrast to the saline-filled vein (A,B),-the blood- 
filled vein exhibits more intensive and more remote injury to the 
adjacent vein wall areas (D,E). Likewise, superficial coagulative in- 
jury to endothelium, intima, and inner media are seen in vein wall 
areas on the opposite side of the laser impact in blood-filled veins 
(F), but are virtually absent in saline-filled veins (C). At most, slight 
tissue edema may be seen (C). Original magnification 55X (A,D) 
and 140x (B,C,E,F). 

2F), while in the saline-filled vein, only minimal laser- 
induced thermal damage was observed (Figure 2C). 

Laser-Induced Steam Bubbles in Normal Saline, Plasma, 
and Hemolytic Blood 

For laser wavelengths of 810, 940, and 980 nm, steam 
bubble volumes were plotted against the administered 
pulse energy (Figure 3). If the tube was filled with nor- 
mal saline or plasma, no wavelength was able to pro- 
duce detectable steam bubbles with pulse energies up 
to 16 J (data not shown). In contrast, in tubes filled 
with hemolytic blood, steam bubble sizes showed an 




Figure 2. Histopathologic results of in vivo EVLT obtained from 
A-C) saline-filled or D-F) blood-filled veins. Arrangement of the 
panels as well as histomorphologic changes are identical to those 
described in Figure 1 and in the Results section of the manuscript. 



almost linear proportionality with the administered la- 
ser energy. Note that no major difference could be de- 
tected between the three laser wavelengths. This indi- 
cates that the absorption of all three lasers by 
hemolytic blood is strong enough to transfer the en- 
ergy completely into heat. 

However, we found that this was true only if fresh- 
cut fiber tips were used for each experiment. Other- 
wise carbonization of the fiber tip led to extremely 
high tip temperatures, causing additional generation 
of energy through combustion of organic compounds 
of the hemolytic blood (data not shown). 

Discussion 

Despite growing acceptance and a rapid clinical intro- 
duction of EVLT, the underlying mechanism of action 
of this novel technique is still not fully understood. In 
a recent report of Weiss 6 it was demonstrated in ele- 
gant animal studies that endovenous radiofrequency 
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Figure 3. Laser-induced steam bubble volume in hemolytic blood 
plotted against delivered pulse energy for wavelengths of 810 nm 
(rhomboid), 940 nm (square), and 980 nm (triangle). No steam 
bubbles were produced with any of the experimental conditions 
in normal saline or plasma (data not displayed). 



occlusion and EVLT have completely different modes 
of action. EV LT almost com plet ely lacks the shrin kage 
jeffe^of tta ^ exposure to 

moderate heat (85^C^in radiofrequency ^occlusion. In- 
sTead, EV^ at the* 

site of direct laser Jmgact, 5 * 6 as a morphologic" correlate 
for tfie consecutively observed perivenuTaf Hfch)rooses. 

In a previous report, 5 we proposed that laser-gener- 
ated steam bubbles transfer a substantial amount of 
thermal damage to the vein wall during EVLT. These 
steam bubbles are created because of the high absorp- 
tion of 940 nm laser energy in blood, with a technical 
penetration of only 0.3 mm. In water, this penetration 
depth is as much as 45 mm, 9 which is more than 100- 
fold deeper than in blood. Conversely, this implies 
that the absorption of 940 nm laser energy in water is 
less than 1% when compared to blood. Since under 
the particular topographic conditions of an endovas- 
cular laser fiber, a laser beam hits the vein wall within 

[a markedly shorter distance than 45 mm, it can be - "! 
concluded that heat generation by laser absorption J 
cannot play a major role within a saline-filled vein. In J 
this case, a laser beam of less than 1 mm diameter, 
with a fluence of more than 1500 J/cm 2 , directly hits 
the vein wall, leading to complete perforating ablation 
of tissue (Figures 1A,B and 2A,B). 

Our experimental setup tested this hypothesis un- 
der in vitro and in vivo conditions, providing histo- 
pathologic evidence: In a saline-filled vein almost the 
entire amount of focused laser energy is transferred to 
a small area at the vein wall, while in a blood-filled 



vein the thermal damage extends over a much wider 
topographic range of the inner vein wall, including the 
perilesional area and even areas opposite the immedi- 
ate laser impact. This concordance between the in 
vitro and in vivo results suggests a sufficient correla- 
tion and validity of our in vitro model for the in vivo 
situation, despite the fact that under in vivo conditions 
the vein is much more compressed from outside by the 
presence of tumescent local anesthesia. However, one 
could speculate if a reduced, but still blood-filled, lu- 
men of the vein could even facilitate laser-induced 
damage: relatively lower energies would suffice, be- 
cause steam bubbles do not need to be generated in 
sizes that would be necessary to transfer homogenous 
damage to larger veins. 

Evidence that blood plays not only a key role in ab- 
sorption of 940 nm laser-energy but also in absorption 
of 810 nm and 980 nm laser energy was provided by 
in vitro examination of steam bubble generation. 
While neither normal saline nor plasma were able to 
absorb laser energy substantially enough to generate 
steam bubbles, all three tested lasers produced compa- 
rable steam bubbles when exposed to hemolytic 
blood. Such steam bubbles, in all. three laser systems, 
indicate that blood temperature passes the point of 
boiling at the site of the laser tip, thus transferring 
heat energy homogeneously to the inner vessel wall. 
The formation of these steam bubbles during EVLT 
could easily be monitored real time by duplex scan- 
ning, even allowing a continuous pullback of the laser 
fiber with the laser in continuous wave mode. One 
may speculate if with such a continuous pullback tech- 
nique, perforations of the vein wall during EVLT 
could be avoided. However, a too-slow pullback ve- 
locity would certainly lead to a completely perforating" 
longitudinal cut in the vein wall. Further experiments 
are needed on this topic. Therefore we hope that this 
improved knowledge about the exact mode of action 
of laser-induced vein damage may contribute to an im- 
provement of endovenous laser treatment. 
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Endovenous treatment of the greater saphenous 
vein with a 940-nm diode laser: Thrombotic 
occlusion after endoiuminal thermal damage by 
laser- generated steam bubbles 

T. M. Proebstle, MD, MSc, a H. A. Lehr, MD, PhD, b A. Kargi, MD, a C. Espinola- Klein, MD, C . 
W. Rother, PhD, d S. Bethge, MD, a and J. Knop, MD, PhD/ Mainz and Gtrmering, Germany 

Purpose: Despite a rapid spread of the technique, very little is known about the laser-tissue interaction in endovenous laser 
treatment (EVLT). We evaluated EVLT of the incompetent greater saphenous vein (GSV) for erEcacy, treatment-related 
adverse effects, and putative mechanisms of action. 

Methods: Twentv-six pari^™ aril b limbs ofdjnicai stages C 2 . 6 , E P , A^p, P R with incompetent GSV proven by means 
of duplex scanning were selected for EVLT in an outpatient setting. A 600- um fiber was entered into the GSV via an 
18- gauge needle below the knee and proceeded to the sap beno femoral junction (SFJ). After infiltration of tumescent local 
anesthesia, multiple laser^pulscs of 15 T energy and a wavelength of 940 run were adrninistered along the vein in a 
ffanriarriixeri fashinn. D-dimTrs were determined in peripheral blood samples 30 minutes after completion of EVLT in 16 
patients and on postoperative day 1 in 20 patients. One GSV that was surgically removed after EVLT was examined by 
means of his to pathology. Additionally, an experimental in vitro set-up was constructed as a means of investigating the 
mechanism of laser action within a blood- filled tube. - 

Results: A median of 30 laser pulses (range, 22-116 laser pulses) were applied along the treated veins. On days 1, 7, and 
28, all limbs except one (9V%) showed a thrombotically occluded GSV. In one patient, the vessel showed incomplete 
occlusion. The distance of the proximal end of the thrombus to the SFJ was a median 1.1 cm (range, 0.2-5.9 cm) in the . 
re mainin g patients. Adverse effects in all 26 patients were ecchymoses and palpable induration along the thrombotically \ 
occluded GSV that lasted for 2 to 3 weeks. In two limbs (6%), thrombophlebitis of a varicose tributary required oral 
treatment with diclofenac D-dimers in peripheral blood were tested with normal results in 14 of 16 patients 30 minutes 
after completion of the procedure and elevated results in 7 of 20 patients at day 1 after EVLT. However, an increase of 
D-dimers from day 0 to day 1 was observed in 15 of the 16 patients undergoing tests 30 minutes after EVLT and on day 
L The 910 am larer tvic demonstntrH by mr™ g nfiinn'rrn fTpmrnrnr: nnd rh<- hisropflfhologiml <»Tanunarion of one 
explantcd GSV to act by means of indirect heat damage of the inner vein wall. 

Conclusion: EVLT of the GSV with a. 940-nm diode laser is effective in inducing thrombotic vessel occlusion and is 
associated with only minor adverse effects. Laser-induced indirect local heat injury of the inner vein wall by steam bubbles 
originating from boiling blood is proposed as the pathophysiological mechan i sm of action of EVLT. (J Vase Surg 2002; 
35:729-36.) 



For many patients of clinical stages C 2 to C 6 with 
proven incompetence of the saphenoremoral junction 
(SFJ) and refluxes along the greater saphenous vein (GSV), 
the standard surgical treatment still is high ligation ot the 
vessel and its tributaries at the level of the SFJ, with subse- 
quent stripping of the incompetent part of the GSV. In the 
last decade, less -invasive techniques have been rurther de- 
veloped, particularly the use of tumescent local anesthesia 
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facilitated ambulatory phlebectorny 1 * 2 or high ligation and 
stripping of the GSV. 3 " 5 In the last few years, a radio- 
irequehcy heating technique has been developed as an 
endoiuminal approach with a distal, microsurgical vein 
access producing excellent cosmetic results. 6 One distinct 
major difference compared with classic varicose vein sur- 
gery is that endoiuminal radio- frequency solely occludes 
the GSV without affecting tributaries at the level of the SFJ. 
Such a strategy is particularly remarkable, because it is 
generally accepted that recurrent varicose veins after sur- 
gery often have their origin in residual tributaries ot the SFJ 
or in a residual saphenous stump. A recent study chat 
suggested that, at least with short-term follow-up, ex- 
tended ligation at the SFJ did not add much when com- 
pared with endoiuminal closure of the GSV alone' raised a 
very controversial discussion. More recendy, a similar min- 
imally invasive technique, endovenous laser treatment 
(EVLT) of the GSV has been introduced, 3 and, in contrast 
to transcutaneous laser treatment of reticular veins and 
venulectasias, 9,10 we are only starring to learn about the 
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Table I. Characteristics of 31 created limbs of 26 
patients who underwent endovenous laser treatment, 
according to the CEAP classification 

Number of 
limbs(%) 



Clinical stage 



C2 Varicose veins > 4 mm 


31 (100) 


C3 Edema 


25(81) 


C4 Skin changes 


11 (35) 


C5 Healed ulcer 


0(0) 


C6 Active ulcer 


4(13) 


Etiology 


Primary 


31 (100) 


Secondary 


0(0) 


xAjiacomy 


Supcriicial veins 


31 (100) 


Perforator veins 


17(55) 


Cocker* Il/m 


14(45) 


Sherman 


3(10) 


Deep veins 


0(0) 


Pathology 


Reflux 


31 (100) 


Obstruction 


0(0) 



efficacy, adverse effects, and mode of action of this novel 
approach. 

This study was conducted to obtain more detailed 
clinical and histopathologic^ data on the application of 
EVLT in patients with clinical stages C 2 . 6 , E P , A s P , P^, 
including an incompetent GSV. An in vitro set-up was 
developed and used as a means of further darifving the 
m o de of . iction of EVLT on the inner vessel wall. 

METHODS 

Patients-. Patients were selected from our phlebology 
clinic as they came in for evaluation of specific complaints. 
As part of their routine examination, ail patients underwent 
functional testing, including duplex scanning (Sonosite 
180 plus, 4med, Erlangen, Germany). When a clinical stage 
C 2 to C 6 with an incompetent SFJ and reflux in the GSV 
were revealed by means of the phlebological examination, 
and thus an indication for high ligation and stripping was 
presented, patients were asked to choose between classic 
varicose vein surgery or EVLT. Only three of 29 patients 
preferred classic varicose vein surgery, whereas 26 patients 
chose EVLT. However, patients made this decision after 
reading information and an additional personal discussion 
with che physician about EVLT, which, in contrast , to 
surgery, so tar has no long- term follow-up, and the possible 
need for additional treatment measures, including classic 
surgery, later. Apart from the incompetent GSV, other 
incompetent superficial veins and perforator veins were 
colerated, but not treated simultaneously to EVLT. Pa- 
tients with secondary varicosis with deep vein reflux or deep 
vein obstruction were not able to undergo EVLT (Table I). 
All patients gave written informed consent in accordance to 
the Helsinki declaration. 

Administration of laser energy. The whole EVLT 
procedure was exclusively limited to the GSV, and no 



additional measures like mini-phlebectomy or sclerother- 
apy were used as a means of treating tributaries of the GSV 
simultaneously. Roughly, the protocol was adapted from 
the paper of Navarro et al. 8 After duplex scanning- guided 
puncture of che GSV below the knee with an 18 -gauge 
venous catheter (Vasofix, Braun, Melsungen, Germany), a 
J-tip guidewire (0.035-in, Medex Medical, Rossendaie, 
UK) was advanced by means of duplex scanning control 
coward the SFJ. A 5F angio catheter (Infiniti, 100 cm, 0.97 
mm, vertebral, Cordis Europe, 9301 LJ Roden, Nether- 
lands) was shortened at the tip with a scalpel by approxi- 
mately 5 cm co allow passage of the bare fiber more easily. 
The catheter was then forwarded over the guidewire untii 
its tip was located approximately 1 cm distal to the SFJ. The 
guidewire was then removed and replaced by a 600- u,m 
bare fiber with an outer diameter of 1.00 mm (Type 
D-6100-BF, Dornier MedizinLaser GmbH, Germcring, 
Germany) connected to a 940-nm diode laser (Medilas 
Dornier MedizinLaser GmbH). With duplex scanning con- 
trol, the laser fiber tip was passed through che tip of the 
angio catheter, thus extruding approximately 6 co 8 mm. 
with a final distance toward the SFJ of 1 to 2 cm. The 
correct location of the fiber rip could also be verified 
visually: in the darkened operation theater, the red (645 
nm, 1 mW) pilot beam .was detectable transcutaneously. 
Tumescent local anesthesia was then infiltrated along the 
GSV from the SFJ down to the point of access, as described 
elsewhere, 3 and given 5 minutes to establish the anesthetic 
effect before the starr of the laser treatment. Laser energy 
was delivered in a pulsed fa shion with a 1 -second on and a 
2 second off period! During the on period, 15 J uflasei — 
"energyWere" delivered witn a power of 15 W. During the off 
period, the fiber tip was retracted 5 to 7 mm. This cycle was 
repeated until a distance of 1 cm to the puncture site of the 
GSV was reached. In this manner, the laser treatment of the 
entire GSV lasted 3 to 5 minutes. Subsequendv, the cath- 
eter was removed, and the patient received a full thigh class 
IT compression stocking, resembling an ankle pressure of 
30 mm Hg, and was advised to walk immediately. Addi- 
tionally, as a precaution without any further rationale,^ 
low- molecular- weight heparin was administered subcuta- ^ 
neously for 5 days for thrombosis prophylaxis (Fragmin P. 
Pharmacia & Upjohn, Erlangen, Germany). 

Concomitant duplex ultrasound scanning examina- 
tion. All patients underwent duplex ultrasound scanning 
examinations before EVLT, during EVLT, and after EVLT 
on days 1, 7, and 28. During the course of the examina- 
tions, patients underwent scanning for refluxes in superfi- 
cial veins, in the deep vein system, and also in perforating 
veins. Patients with an incompetent or occluded deep vein 
system were excluded from EVLT. Concomitant incompe- 
tent perforator veins or pathological findings in the super- 
ficial vein system were recorded, but did not prevent pa- 
tients from receiving EVLT if the GSV was open and 
incompetent from the SFJ down to below the knee. 

During EVLT itself, duplex scanning was particularly 
helpful in identifying the GSV at the puncture site, when 
necessary after full length down-scanning of the GSV from 
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the groin or up from che ankle. Duplex scanning was 
further an important means of localizing the precise posi- 
tion of the laser tip close to the SFJ before administration of 
tumescent local anesthesia, because afterward, because of 
die massive subcutaneous fluids, recognition of anatomical 
structures was almost impossible. 

With scheduled duplex ultrasound scanning control 
examinations on days 1, 7, and 28, a full-length scanning of 
the created vein was included as a means of demonstrating 
homogeneous thrombotic occlusion. Occlusive thrombo- 
sis was supposed when the vein was completely filled by an 
incompressible hypoechogenic mass and when no fluxes 
were detected within the vessel lumen. Similarly, in the 
region of the SFJ, the proximal ending of the thrombus was 
determined by means of compression and detection of 
fluxes. The distance of the proximal thrombus ending 
toward the junction with the deep femoral vein was mea- 
sured. At day 28, the hypoechogenicicy of the thrombus 
had almost disappeared. However, the lack of fluxes and the 
remaining incompressible vessel still allowed sufficient con- 
clusions. Additional scanning of the deep vein system ex- 
cluded a thrombotic affection there. 

"Testing for D-dimers in peripheral blood. After 
detection of EVLT- induced thrombotic occlusion, rather 
than an immediate closure of the GSV, we scheduled 
D-dimcr testing for every patient. With the exception of the 
first six patients, D-dimer values (Tinaquant D-dimer, 
Roche Diagnostics, Mannheim, Germany) were scheduled 
to be determined from blood samples obtained 30 minutes 
and 1 day after the EVLT procedure. According to the 
manufacturer's data shee t , D - dimcr values beluvv 0.50 
mg/L were considered to be within normal limits. How- 
ever, because of technical reasons, blood sampling failed in 
four patients 30 minutes after EVLT. 

Histopathologic examination. One patient gave in- 
formed consent to undergo EVLT as part of his routine 
varicose vein surgery procedure, which included extended 
high ligation of the SFJ and subsequent stripping of the 
incompetent parts of the GSV. EVLT was administered 
immediately after completion of extended high ligation, 
but before stripping of the GSV. The treated vein was left in 
place for another'15 minutes and then removed by means 
of stripping. The removed vein was photodocumented (Fig 
1, A) and histopathologically examined with hematoxylin 
and eosin staining. 

Mechanism of laser action. As a means of evaluating 
the mechanism of action of the 940- nm laser beam within 
the vein, an experimental set-up was designed (Fig 3, A). A 
silicone tube with an inner diameter of 6 mm was con- 
nected to a transparent tube with an inner diameter of 2 
mm. The tube system was then rilled with heparinized 
blood. From the opposite side, the laser fiber was inserted 
into the middle of the silicone tube. Different amounts of 
laser energy were then applied by means of variation of 
either laser power or pulse duration. With each laser pulse, 
the extension of the volume within the system was assessed 
by doaimenting the change in the blood level within the 
2 -mm tube. Aq'lindrical volume calculates as V = h X -rrr 



(eg, if a laser pulse produces a movement of the blood level 
of h = 54 mm, the laser generated steam volume calculates 
as V = 54 mm X tt[1 mm] 2 = 170 mm 3 , corresponding to i 
a steam bubble length of 6 mm in a tube with a diameter of / 
6 mm). The temperature of the steam bubble is supposed/ 
to be close to 100° C and, once generated, should stay on' 
this level constanriy throughout its increase of volume, as it 
is known in the physics of phase transitions. 

RESULTS 

Twenty- six patients, 21 with unilateral and 5 with 
bilateral incompetent GSV, received EVLT by means of a 
940-nm diode laser with tumescent local anesthesia. Nine- 
teen patients were women (73%), and seven patients were 
men (27%), with 22 and 9 limbs treated, respectively. The 
median age of the patients was 57 yean (range, 27-83 
years). Before treatment, the median diameter of the GSV 
was 6.0 mm (range, 4.0-9.9 mm) at the level of the SFJ. In 
our relatively small cohort with a spectrum of clinical stages 
(Table I), the GSV diameter did not correlate with the body 
mass index of the patient (data not shown), the median of 
which was 26.6 (range, 20.0-39.7). The median amount of 
infiltrated tumescent local anesthesia was 650 mL per limb 
(range, 250-1000 mL). 

Technical skills. Initially, before the use of duplex 
scanning for guided puncture of the GSV, access to the 
GSV railed in two of seven patients. These two patients 
underwent subsequent classic surgery. In four additional 
cases, insertion of the guidewire from below the knee to the 
SFJ was not possible in one step because of pronounced 
luuuusiLv of the GSV. In three of these four cas es, an 
additional puncture of the GSV approximately 15 cm above 
the knee allowed treatment in two parts. In one case, EVLT 
was limited to the proximal 20 cm of the GSV because of 
the technical inability to obtain access co the more distal 
part of the GSV. 

However, in ail cases, duplex scanning-controlled 
placement of the fiber tip was achieved within a distance of 
1 to 2 cm distal from the SFJ. In patients who were not 
overtly obese, this position could be vis ualiz ed by means of 
transcutaneous inumination of the pilot laser beam. In our 
series of 31 limbs in 26 patients, this was true in four limbs 
of three male patients with a body mass index between 31.5 
and 39.7. However, even in those obese patients, transcu- 
taneous detection of the laser pilot beam was possible after 
applying gende pressure to the overlaying skin. 

E fleets of endovenous laser treatment. During 
step-wise removal of the laser fiber, a median of 80 pulses 
(range, 22-116) of 15 J energy each were delivered, corre- 
sponding to a distance of 5 to 7 mm between las er pulses. 

On days 1, 7, and 28 after treatment, thrombotic 
occlusion of the GSV was noted in all cases. In 30 of 31 
limbs (97%), the thrombotic occlusion was complete from 
the distal puncture site, reaching proximaliy up to a median 
distance of 1.1 cm (range, 0.2-5.9 cm) from the SFJ. In one 
limb, the proximal occlusion of the GSV railed over a length 
of 20 cm despite complete occlusion of more distal pans of 
the GSV. The diameter of the GSV at the SFJ was 9.9 mm 
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Fig 1. Macroscopic and microscopic hematoxylin and eosin-stained histopathologic exa m i n a t ion of a GSV that has 
undergone EVLT before stripping. A, Outer surface of the endovenously laser- treated GSV. Dark spots resembling 
carbonization, or even full perforation of the vein wall, were caused by direct impact of the 940- am laser beam. B, 
Inrimal tear next co a non-perforating laser hit. C, Vein wall disruption caused by direct laser impact. D, High 
magnification of the margin area of vein wail disruption showing pronounced thermal damage, including carboniza- 



and, therefore, the largest diameter of the whole series. 
Addidonally, in this patient, we found by means of duplex 
scanning control a large caliber tributary with high blood 
flow feeding the GSV at the distal open point. 

Adverse effects. After the local anesthetic .effect sub- 
sided after EVLT, slight to moderate local pain was re : 
ported bv ail patients over the treated vein. Also, moderate 
ecchymoses, most likely caused by laser-induced perfora- 
tion of the vein wall, could be observed in every patient at 
the inner thigh and knee region from the next day to 
approximately 2 weeks later. However, these ecchymoses 
were not as pronounced as they arc usually with classic 
varicose vein surgery, and no hematoma was found. For the 
first 2 to 3 weeks after EVLT, also a slighdy shorter period 
than frequendy observed with classic surgical procedures, 
an induration was palpable along rhc treated GSV, and this 
was experienced by the patients as slight to moderate pain 
during extended movement of the leg. A thrombophlebiric 
reaction developed within an untreated varicose tributary at 



the distal thigh in two patients 2 arid 5 days after EVLT. 
Oral treatment with diclofenac (75 mg, slow release, three 
times a day) resulted in immediate pain control. Hyperpig- 
mentarion developed in one patient over the thromboti- 
cally occluded GSV, which was still visible at 4 weeks after 
EVLT. All other patients were free of adverse effects at 4 
weeks after the procedure. No other adverse effects or 
complications were reported. 

D-dimers in peripheral bloocL In 16 patients, D- 
dimer levels in peripheral blood were evaluated immedi- 
ately after EVLT, and in 20 patients, blood samples were 
drawn on day 1 after EVLT (Table II). D-dimer levels were 
tested with normal results in all samples except one ob- 
tained 30 minutes after EVLT, with a median value of 0.39 
mg/L (range, 0.09-0.80 mg/L). When D-dimer levels 
were tested at day 1 after EVLT in 20 patients, a median of 
0.43 mg/L (range, 0.24-1.73 mg/L) was found. How- 
ever, only seven blood samples showed D-dimer levels 
exceeding the upper limit of 0.50 mg/L. Although the 
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Table EL D-dimer levels in peripheral blood of patients who underwent endovenous laser treatment 




30 minutes after 
EVLT ' 


1 day after EVLT 


Ratio 1 day/30 min 


l ancnts wicni iimo crcitca 
Patients with 2 limbs treated 
All patients 


M. ecu an U.oO mg/L 
(range 0.09-0.80) 
n = 13 

Median 0.45 mg/L 
(range 0.44-0.48) 
n = 3 

Median 0.39 mg/L 
(range 0.09-0.80) 
n = 16 


Median 0.33 mg/L 
(range 0.24-1.73) 
n = 16 

Median 0.68 mg/L 
(range 0.50-0.91) 
n = 4 

Median 0.43 mg/L 
(range 0.24-1.73) 
n= 20 


Median 1.39 
(range 0.88-3.67) 
n = 13 
Median .1.82 
(range 1.15-2.02) 
n= 3 

Median 1.43 
(range 0.88-3.67) 
n = 16 



EVLT, Endovcnous laser treatment. 



absolute values remained mosdy within normal limits, D- 
dimer levels were shown by means of mtraindividual eval- 
uation to increase from day 0 to day 1 in 15 of 16 parients 
who underwent both tests. The median increase ratio was 
1.43 (range, 0.88-3.67), reflecting the process of thronv 
boric occlusion of the GSV. When separating the patients 
who received unilateral EVLT from patients who had a 
bilateral procedure (Table II), it looks as if patients with 
both limbs treated did not present the very low D-dimer 
values that are occasionally observed in patients with one 
limb treated. This observation might relate to two throm- 
botic processes instead of one, but also might be influenced 
by the thrombotic process having proceeded somewhat 
more in the first limb of those parients with bilateral EVLT. 
Unfortunately, the numbers are small in Table- II and 



During the experiments with heparinized blood in a sili- 
cone tube, we observed that a steam bubble formed during 
delivery of laser energy, and.it collapsed immediately after 
efceontinuation of the laser pulse. When we plotted the 
maximum volume of the laser- generated steam bubble 
against the amount of laser energy delivered, it showed a 
linear correlation (Fig 3, Q. As calculated in the Methods 
section, a typical laser pulse with an energy of 1 5 J produced 
a steam bubble of approximately 6 mm in a 6-mm diameter 
vessel. As shbwn in Fig 3, C, the formation of a steam 
bubble required a . threshold energy of about 1.5 J. This 
threshold energy is needed to heat up the surrounding 
blood until it reaches boiling temperature. A laser pulse 
energy below this level would only heat the blood, without 
anv steam bubble formation. 



thererbre do not warrant stansncai analysis. : 

Pathologic examination of the endo venous laser 
treatment stripped vein. Macroscopically, the vein wall 
showed reddening, carbonization, or even perforation at 
those sites where the fiber tip was closest to the vein wall 
during delivery of laser energy (Fig 1, A). Either gross vein 
wall destruction associated with direct impact of the laser 
beam (Fig 1, B-D) or less pronounced heat- mediated vein 
wall injury (Fig 2, B, Q was demonstrated by means of 
microscopical examination of corresponding hematoxylin 
and eosin-stained slides. The heat injury demonstrated in 
Fig 2, B and C, was consistendy detectable along the 
distance of 5 to 7 mm of vein wall, between the direct 
impact of two laser impulses, and. is, in our opinion, the 
basis of a subsequent homogeneous thrombotic occlusion 
of the vessel. At those sites of direct laser action, the most 
destructive patterns of tissue damage can be observed: 
perforating and non-perforating vaporization of the vein 
wall, carbonization of the adjacent tissue margins, and 
intimal tear in response to the explosion-like delivery of 
high energy densities, called photo-disruption. However, 
because a stripping was performed after EVLT, some of the 
destruction observed, like intimal tears, may originate from 
the stripping procedure itself. 

Mechanism of action of the 940-nm diode laser. 
Administration of different amounts of laser energy in the 
in vitro set-up was used as a means of evaluating the 
putative mechanism of laser action within the vein (Fig 3). 



DISCUSSION 

The principal finding in this studv is that EVLT with a 
940 -nm diode laser system, when performed under tumes- 
cent local anesthesia, is a clinically feasible and well- toler- 
ated technique. Because of vein access via an 18-gauge 
needle, it is a truly minimal invasive procedure, leaving a 
virtually invisible scar on the parienr/s skin. 

The efficacy of EVLT in obtaining early occlusion of 
the GSV is -very satisfactory. Even if these are verv eariv 
results, immediate closure rates of 97% in our series and 
100% reported by another group with the 810-nm diode 
laser 8 provide a rationale for further evaluating this new 
method. 

A major emphasis of this study was placed on the 
mode of action of this novel technique: technically, the 
depth of penetration of a 940-nm laser beam into blood 
is only approximately 0.3 mm. 11 Also, the laser beam 
remains focused to a very small spot after leaving the fiber 
tip. Although these characteristics of the laser beam 
could explain a focal perforation of the vein wall (Fig 1, 
C, D) immediately adjacent to the fiber tip, this would 
not adequately explain the widespread injury to the vein 
wall observed in the vicinity of the perforation sites (Fig 
2, By Q. With our in vitro set-up, we could identify 
steam bubble formation at the laser tip (Fig 3,5). The 
volume of the laser- generated steam bubble correlated 
directly to the laser energy (Fig 3, Q. Because such a 
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Fig 2. Indirect, steam bubble-mediated thermal damage after 
EVLT, several millim eters away from areas of direct laser impact. 
A, Control: normal varicose vein after stripping without earlier 
EVLT, with intact endothelium and distinct cellular contours. The 
nuclei arc round to oval. B, EVLT resulted in a lift-off or* endo- 
thelial ceils, a denudation of the inrima, loss of cellular contours, 
and fibrin deposition. Additionally, some areas show marked vac- 
uolization of cells or even spongiosis. C, Swelling and waxy ho- 
mogenization of collagen; Focal, coagulation necrosis within the 
inrirna. 



steam bubble formation is expected co occur within the 
vein lumen during EVLT, we propose that this phenom- 
enon accounts for the thermal injury to an extended 
surface of the inner vein wail. 

In a recent paper, Sadick et al 10 reported histopatho- 
logical alterations of reticular veins and venulectasias after 
transcutaneous neodyrrnum/yTtnum- aluminum- garnet la- 
ser treatment that compare weii with our findings. This 
opens the question of whether also in transcutaneous laser 
treatment of smaller veins the crucial damage of the vein 
mav involve a similar steam bubble-mediated, hence indi- 
rect, thermal injury, rather than the immediate highly fo- 
cused damage by the laser beam itself. 

Steam bubble formation is a local, instantaneously 
reversible phenomenon that, after collapse of the bubble, 
poses no risk, such as gas embolism, to the patient. 
However, the extensive heat damage of the endothelium 
and the intima does induce the desired effect: full-length 
thrombotic occlusion of the vein. The complete throm- 
botic occlusion, however, is not detectable immediately 
after EVLT, but can be recognized at day 1 by means of 
a simple duplex scanning examination, which shows an 
incompressible, hyp oecho genie cord in the lu-men of the 
saphenous vein. This thrombotic occlusion is also re- 
flected in all patients with an increase of D-dimer levels in 
peripheral blood by a median factor of 1.43. Because in 
our study and another study 3 no EVLT- induced deep 
vein thrombosis occurred, it seems very unlikely that the 
EVLT- induced thrombotic process of the GSV has a 
concomitant risk for deep vein thrombosis, as is known 
for superficial thrombophlebitis. 13 HOWeVet, ft remains 
unclear whether such an hypothetical risk of deep vein 
thrombosis does indeed exist or whether it is only so 
much lower compared with superficial thrombophlebi- 
tis 12 that it can only be detected in a larger series of 
patients. 

Other commonly observed adverse effects with EVLT 
are induration along the GSV and mild- to-moderate ecchy- 
moses. These ecchymoses, present for approximately 2 
weeks, could be a cosmetic problem for patients who are 
expecting a minimally invasive, barely invisible treatment ot 
their GSV incompetence. In this respect, EVLT would 
compare unfavorably with endoluminal radio- frequency 
closure. However, when weighed against the potential 
nerve damage after endolurninal radio- frequency treatment 
with subsequent skin paresthesis in as many as 16% of 
patients, 7 such an entirely reversible adverse effect seems 
quite acceptable. 

Less frequent adverse effects, like thrombophlebitis ot 
untreated tributaries or appearance of hyperpigmentation 
along the GSV, need to be followed and documented as the 
number of patients and EVLT procedures increase. At least 
the risk of thrombophlebitis could be avoided completely if 
varicose tributaries, unlike in the present series, are treated 
in the same session (eg, with mini-phlebectomy). 1 * 2 

Finally, it remains to be established whether EVLT 
induces effective long-term occlusion of the treated veins. 
Recurrent reflux, either originating from the SFJ or reoc- 
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a steam bubble laser fiber 




C Pulse Energy [J] 

Fig 3. A, Schematic drawing of the in- vitro sec- up for examining the laser- generated steam bubble formation. The laser 
fiber was inserted into a silicone tube of 6-cnm-diamctcr filled with heparinized blood. During delivery of laser energy, 
hearing and boiling of the blood finally lead to the formation of a steam bubble, pushing the corresponding blood 
volume out of the cube. Thus, the* -movement of the blood level in the smaller 2-rnm-diameccr cube allowed chc 
calculation of the volume of chc steam bubble in reverse. B, Visible steam bubble formation during delivery of a laser 
pulse of 15 I. C, Dependency of che steam bubble volume for various amounts of energy delivered by the laser beam. 
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curring within recanalized parts of* the GSV, has co be 
followed closeiy. Only long-term foilow-up in prospecdve 
trials will be able to answer this question. 

We thank Mrs Weingartner for skilled technical support 
and Mrs Gartner for excellent preparation or* the samples 
tor histopathological examination. 
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